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Toothed gears are the most common mechanical gears in ma-
chine building, which are characterized by high reliability and du-
rability, a constant transfer number, and which can transmit high
torque. During toothed gear operation, the surfaces of the teeth
slide, which gives rise to friction forces and wears their working
surfaces. To prevent this, the surfaces of the teeth need constant
lubrication. This paper considers the design of a gear tooth en-
gagement, which does not have friction between the surfaces of
the teeth since they roll over each other without slipping. The
profile of the tooth of such a gear is outlined by congruent arcs,
symmetrical relative to the line that connects the center of rota-
tion of the toothed wheel with the top of the tooth. These sym-
metrical curves at the top of the tooth intersect at the predefined
angle. In the depressions of the wheel, adjacent teeth also inter-
sect at the same angle. Such a condition can be ensured by a curve
that at all its points crosses the radius-vector emanating from the
coordinate origin, also at a stable angle equal to half of the given
one. This curve is a logarithmic spiral. If the number of teeth of
the drive and driven wheels is the same, then their teeth are con-
gruent. Otherwise, the profiles of the teeth would differ but they
could be outlined by congruent arcs of the same logarithmic spiral
of the same length taken from different areas of the curve.

The minimum possible angle at the top of the teeth is straight.
At acute angle, the toothed gear operation is impossible. To build
gear wheels with a right angle at the top of the tooth, it would suf-
fice to set the number of teeth of the drive and driven wheels. The
center-to-center distance is calculated using the derived formula.

The transfer number of such a gear is variable but, with an increase in
the number of teeth, the range of its change decreases. The algorithm
of wheel construction is given.

Keywords: toothed gear, logarithmic spiral, surface rolling,
center-to-center distance, arc length.
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This paper reports a method, built in the form of a logic func-
tion, for describing the working spaces of manipulation robots
analytically. A working space is defined as a work area or reach-
able area by a manipulation robot. An example of describing the
working space of a manipulation robot with seven rotational
degrees of mobility has been considered.

Technological processes in robotic industries can be associ-
ated with the positioning of the grip, at the required points, in the
predefined coordinates, or with the execution of the movement of
a working body along the predefined trajectories, which can also
be determined using the required points in the predefined coordi-
nates. A necessary condition for a manipulation robot to execute a
specified process is that all the required positioning points should
be within a working space.

To solve this task, a method is proposed that involves the
analysis of the kinematic scheme of a manipulation robot in order to
acquire a graphic image of the working space to identify boundary
surfaces, as well as identify additional surfaces. The working space
is limited by a set of boundary surfaces where additional surfaces
are needed to highlight parts of the working space. Specifying each
surface as a logic function, the working space is described piece by
piece. Next, the resulting parts are combined with a logical expres-
sion, which is a disjunctive normal form of logic functions, which is
an analytical description of the working space.

The correspondence of the obtained analytical description to the
original graphic image of working space is verified by simulating the
disjunctive normal form of logic functions using MATLAB (USA).

Keywords: manipulation robot, working space boundary,
elementary surface, logic function.
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The paper presents an analytical solution to the problem of op-
timal dynamic balancing of the six-link converting mechanism of the
sucker-rod pumping unit. This problem is solved numerically using
a computer model of dynamics, namely by selecting the value of the
correction factor k. Here we will consider an analytical method for
solving this problem, that is, we find the location of the counterweight
on the third link of the six-link converting mechanism for balancing.
To solve the problem, we use the principle of possible displacement and
write an equation where we express the torque through the unknown
parameter of the counterweight. Further, such a value of the unknown
parameter is found, at which the minimum of the root-mean-square
value of torque M is reached. From the condition of the minimum of
the function, we obtain an equation for determining the location of the
counterweight. Thus, we obtain an analytical solution to the problem
of optimal dynamic balancing of the six-link converting mechanism of
the sucker-rod pumping drive in various settings.

According to the results, it was found that with the combined
balancing method, the value of the maximum torque M and the value
of the maximum power are reduced by 20 % than when the counter-
weight is placed on the third link of the converting mechanism, as
well as when the value of the maximum torque is determined through
the correction factor .

In practice, balancing is carried out empirically by comparing
two peaks of torque M on the crank shaft per cycle of the mechanism
movement. Solving the analytical problem, we determine the exact
location of the counterweight.

Keywords: sucker-rod pump drive, converting mechanism, bal-
ancer, optimal balancing, dynamic synthesis.
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A non-axisymmetric problem of the theory of elasticity for a
radial inhomogeneous cylinder of small thickness is studied. It is
assumed that the elastic moduli are arbitrary positive piecewise
continuous functions of a variable along the radius.

Using the method of asymptotic integration of the equations of
the theory of elasticity, based on three iterative processes, a quali-
tative analysis of the stress-strain state of a radial inhomogeneous
cylinder is carried out. On the basis of the first iterative process of
the method of asymptotic integration of the equations of the theory
of elasticity, particular solutions of the equilibrium equations are
constructed in the case when a smooth load is specified on the lat-
eral surface of the cylinder. An algorithm for constructing partial
solutions of the equilibrium equations for special types of loads, the
lateral surface of which is loaded by forces polynomially dependent
on the axial coordinate, is carried out.

Homogeneous solutions are constructed, i.e., any solutions of
the equilibrium equations that satisfy the condition of the absence
of stresses on the lateral surfaces. It is shown that homogeneous
solutions are composed of three types: penetrating solutions, solu-



tions of the simple edge effect type, and boundary layer solutions.
The nature of the stress-strain state is established. It is found that
the penetrating solution and solutions having the character of the
edge effect determine the internal stress-strain state of a radial
inhomogeneous cylinder. Solutions that have the character of a
boundary layer are localized at the ends of the cylinder and expo-
nentially decrease with distance from the ends. These solutions are
absent in applied shell theories.

Based on the obtained asymptotic expansions of homogeneous
solutions, it is possible to carry out estimates to determine the
range of applicability of existing applied theories for cylindrical
shells. Based on the constructed solutions, it is possible to propose
a new refined applied theory.

Keywords: non-axisymmetric problem, radial inhomogeneous
cylinder, asymptotic integration method, homogeneous solutions,
boundary layer.
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Building structures are very often operated under the action
of dynamic loads, both natural and man-made. The calculation of
structures under the influence of static loads has been quite widely
studied in detail. When structures are exposed to dynamic loads,
additional tests are carried out, where measuring instruments are
installed on the structures to register stresses and deformations
that occur during dynamic influences. Elastic elements are the
responsible functional unit of many measuring instruments. There-
fore, the quality of elastic elements ensures the operational stability
of the entire structure. This determines the increased attention
that is paid to technology and construction to elastic elements. Pre-
viously, the work of elastic elements made of homogeneous mono
materials with the same physical and geometric properties in all
directions and over the entire surface of the element was studied.

The elastic element was considered as a shell of rotation with a
complex shape of the meridian and various physical and mechanical
properties at various points caused by uneven reinforcement. Two
types of reinforcement were implied — radial and circular. Elastic
shell elements (ESE) operate under conditions of dynamic loading.
The equation was derived for determining the dynamic character-
istics of inhomogeneous elastic elements. The dependences of the
first three natural frequencies of oscillations on the thickness of
the shell and the depth of the corrugation and the first two natural
frequencies of oscillations on the thickness of the shell have been
analyzed. The amplitude-frequency characteristics (AFC) and the
phase-frequency characteristics (PFC) of the shell depending on
the geometric parameters have been calculated. All these results
could significantly improve the quality of the readings of the
instruments, which depend on the sensitivity of the shell elastic
elements. And it, in turn, depends on the geometric and physical
properties of the shell elastic elements.

Keywords: phase-frequency characteristics (PFC), amplitude-
frequency characteristics (AFC), shell elastic elements (SEE),
boundary conditions, geometric parameters.
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A two-dimensional mathematical model of the thermoelastic
state has been built for a circular plate containing a curvilinear
inclusion and a crack, under the action of a uniformly distributed
temperature across the entire piece-homogeneous plate. Using the
apparatus of singular integral equations (SIEs), the problem was
reduced to a system of two singular integral equations of the first and
second kind on the contours of the crack and inclusion, respectively.
Numerical solutions to the system of integral equations have been
obtained for certain cases of the circular disk with an elliptical inclu-
sion and a crack in the disk outside the inclusion, as well as within
the inclusion. These solutions were applied to determine the stress
intensity coefficients (SICs) at the tops of the crack.

Stress intensity coefficients could later be used to determine
the critical temperature values in the disk at which a crack begins
to grow. Therefore, such a model reflects, to some extent, the de-
struction mechanism of the elements of those engineering structures
with cracks that are operated in the thermal power industry and,
therefore, is relevant.

Graphic dependences of stress intensity coefficients on the
shape of an inclusion have been built, as well as on its mechanical
and thermal-physical characteristics, and a distance to the crack.
This would make it possible to analyze the intensity of stresses in
the neighborhood of the crack vertices, depending on geometric and
mechanical factors.

The study’s specific results, given in the form of plots, could
prove useful in the development of rational modes of operation of
structural elements in the form of circular plates with an inclusion
hosting a crack.

The reported mathematical model builds on the earlier models
of two-dimensional stationary problems of thermal conductivity and
thermoelasticity for piece-homogeneous bodies with cracks.

Keywords: crack, inclusion, thermoelasticity, stress intensity
coefficient, singular integral equation.
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Methods for calculating the fire resistance of steel-reinforced
concrete slabs made using profiled steel sheets under the influence
of a standard temperature regime for more than 120 minutes are
considered and analyzed.

Research has been carried out to determine the heating param-
eters and the stress-strain state of steel-reinforced concrete slabs
made using profiled steel sheets under fire conditions for more than
120 minutes. The results of this study allow to obtain indicators of
temperature distribution for assessing the fire resistance of such
structures for fire resistance classes above REI 120. Accordingly,
the results obtained are a scientific basis for improving the exist-
ing method for calculating the fire resistance of steel-reinforced
concrete slabs made using profiled steel sheets.

The temperature distribution in the cross-section of structures
was obtained using a general theoretical approach to solving the
problem of heat conduction using the finite element method. Using
the obtained temperature distributions, the parameters of the stress-
strain state were determined based on the method of limiting states.

To carry out the calculations, appropriate mathematical models
were created that describe the effect of the standard temperature
regime of a fire, to determine the temperature distribution at ev-
ery minute in the sections of steel-reinforced concrete slabs with
profiled steel sheets. A method is proposed for dividing the section
into zones to take into account the decrease in the indicators of the
mechanical properties of concrete and steel.

A simplified method for the design assessment of steel-rein-
forced concrete slabs made using profiled steel sheets is proposed,
which is consistent with the current EU standards and can be
effectively used to analyze their fire resistance when establishing
their compliance with the fire resistance class REI 120 and higher.

Keywords: steel-reinforced concrete slabs, slab fire resistance,
heat-insulating ability, stress-strain state, bearing capacity.
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This paper reports a study into determining the dynamic load
and strength of the bearing structure of a covered freight car
under operational modes. A feature of the freight car’s bearing
structure is that the girder beam has a closed cross-section. To
reduce the dynamic load of the frame, the girder beam is filled
with a material with viscoelastic properties. Such a solution could
contribute to the transformation of the kinetic energy of impact
(due to jerk, stretching, compression) into work of viscoelastic
friction forces, and, consequently, to reducing the load on the
bearing structure.

To substantiate the proposed improvement, the dynamic load
on the bearing structure of a covered freight car was mathemati-
cally modeled. The calculation was performed for the case of joint
impacts at shunting. The study was carried out in a flat coordinate
system. It was established that the maximum accelerations act-
ing on the bearing structure of a covered freight car were about
37 m/s%. The calculated acceleration value is 3.2 % lower than
that obtained for the bearing structure of a covered freight car
without filler.

The results of calculating the strength of the load-bearing
structure of a covered freight car are given. In this case, a finite-
element method was applied. The maximum equivalent stresses
occur in the zones of interaction between the girder beam and the
pivot beams, and amount to 319.5 MPa, which is 8 % lower than
permissible. The calculation was also performed regarding other
operational modes of loading the freight car’s bearing structure.

The model of the dynamic load on the bearing structure of a
covered freight car was verified according to the F-criterion.

The research reported here could contribute to designing
innovative rolling stock structures, thereby improving the effi-
ciency of their operation.

Keywords: transport mechanics, covered freight car, load-
bearing structure, dynamic load, innovative freight car.
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